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One of the central tenets of immunology is that antibody
responses to antigen are clonal and depend on the
selection and activation of genetically pre-committed
antibody-producing B lymphocytes. According to the
clonal selection theory, lymphocytes can be either
positively selected and expanded by a foreign antigen or
negatively selected if they are self-reactive. The selection
and expansion of long-lived, antigen-specific clones
accounts for the phenomenon of immunological memory,
whereby more robust responses can be given to antigens
that have been encountered previously, even after a gap of
many years [1,2]. The finding that antibodies exist as
membrane-bound cell-surface receptors helped to explain
how specific clones of B cells could be selected on the
basis of their antigen specificity [3,4]. However, the
molecular basis of immunological memory responses has
remained in large part obscure.
Four recent papers [5–8] have now provided important
clues about the molecular mechanisms that govern
memory responses in the antibody system. All four papers
focus on the antigen receptor expressed at the B-cell
surface after ‘switch’ recombination has changed the
isotype of the immunoglobulin heavy chains made by the
B cell from m to g or e. These receptors differ from those
made by naive B cells, which have  m heavy chains, in that
the membrane-bound g and e chains have longer cytoplas-
mic domains that are highly conserved. By expressing
truncated immunoglobulin heavy chains, in which the
cytoplasmic domains had been deleted, Kaisho et al. [5],
Achatz et al. [6], Weiser et al. [7] and Knight et al. [8] have
shown that these cytoplasmic domains are essential for
normal immune responses.
Like the more complex T-cell receptor, the B-cell
receptor is composed of a ligand-binding immunoglobulin
molecule, comprising two heavy and two light chains,
which is non-covalently associated with cytoplasmic
subunits that act as signal transducers (Fig. 1). The signal
transducing component of the B-cell receptor is a disul-
fide-linked heterodimer of two immunoglobulin-family
proteins, Iga and Igb. Neither Iga nor Igb has any enzy-
matic activity, but both have conserved docking sites
known as ‘immune receptor tyrosine activation motifs’
(ITAMs) for non-receptor tyrosine kinases in their cyto-
plasmic tails. Crosslinking the B-cell receptor results both
in ITAM-dependent recruitment of Src and Syk tyrosine
kinases, and in cellular activation.
It is now understood that the B-cell receptor regulates three
central features of immune system function. First, it acts as
a checkpoint regulator in B-cell development, controlling
both allelic exclusion — whereby the successful expression
of one immunoglobulin gene prevents expression of the
other allele — and early cellular transitions. B cells that fail
Figure 1
B-cell receptors consist of an antigen-binding,
membrane-bound immunoglobulin, which has
two heavy and two light chains, and a signal-
trasducing complex made of two Iga and two
Igb subunits. (a) Antigen binding causes
receptor clustering, which allows ITAM
phosphorylation by receptor-associated
kinases (such as Blk, Fyn or Lyn). (b) The
doubly-phosphorylated ITAM recruits
cytoplasmic kinases such as Syk, leading to
cellular activation. (After Janeway et al. [12].)
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to make membrane-bound immunoglobulin m do not show
allelic exclusion or complete B-cell development, and they
die in the bone marrow. These early developmental transi-
tions are controlled in an antigen-independent manner by
Iga and Igb, via a mechanism that requires ITAM-depen-
dent tyrosine phosphorylation. Second, as predicted by the
clonal selection theory, crosslinking the B-cell receptor with
antigen can lead to clonal expansion and the production of
specific antibodies. 
The third function of membrane-bound immunoglobulin
is as a receptor for antigen capture and presentation.
Circulating antigens are captured by the B-cell receptor,
internalized, and processed into peptides which are bound
by class II molecules of the major histocompatibility
complex (MHC). The complex of peptide bound to MHC
is then presented to cognate T cells, which further elabo-
rate the immune response. The molecular mechanisms
that govern antigen presentation by the B-cell receptor are
distinct from those that govern B-cell activation or
antigen-independent B-cell development. Although the
tyrosines in the Iga and Igb ITAMs are essential, their
phosphorylation may not be required, and the tyrosines
may simply be part of a motif similar to the tetrapeptide
sequence NPXY which has been shown to mediate inter-
nalization of the low-density lipoprotein receptor [9]. 
Antigen capture and presentation by B cells is thought to be
particularly important in secondary immune responses. The
pool of antigen-specific B cells that participate in memory
responses are selected and clonally expanded during the
primary response. Thus, there are more B cells with high-
affinity receptors for specific antigen available for antigen
capture during secondary responses, and these memory B
cells appear to be particularly efficient at presenting anti-
gens. The question of why memory B cells should be par-
ticularly good at responding to and presenting antigens has
been a difficult one for immunologists, in part because
these cells have been hard to identify and purify.
There are few good molecular markers for memory B cells,
and these cells can only be reliably identified by two
criteria. First, memory B cells frequently carry somatic
mutations in their immunoglobulin genes. These muta-
tions are produced by an unknown mechanism during
clonal expansion in response to antigen in germinal
centers. Clones of B cells that express high-affinity
antigen receptors as a result of somatic mutation are posi-
tively selected and expanded, whereas B cells that make
inactive or self-reactive receptors are eliminated. The
second reliable criterion for distinguishing memory B cells
is their expression of secondary heavy-chain isotypes, such
as g, a, and e. Like somatic mutation, switching from the
primary (m) to secondary isotypes occurs in germinal
centers, and is mediated by a mechanism that remains to
be defined molecularly [10].
To determine whether the conserved cytoplasmic domains
of the g and e heavy chains are essential for memory B cells
to respond to antigen, Kaisho et al. [5] and Achatz et al. [6]
performed gene-targeting experiments in mice. Both
groups made two types of mutation: first, complete deletion
of the tail and transmembrane region; and second, a dele-
tion of the cytoplasmic tail in which only three charged,
membrane-proximal cytoplasmic anchor residues are
retained. In the case of membrane-bound m heavy chain,
these charged membrane anchor residues are essential to
keep the protein in the membrane, but they appear to con-
tribute little to signal transduction [11]. To minimize inter-
ference with switch recombination and immunoglobulin
gene expression, the neo gene in the targeting constructs
was deleted from the targeting site by Cre–loxP mediated
recombination. 
In both groups’ experiments, the effects were most pro-
nounced when the transmembrane region and tail were
completely deleted — this led to an absence of cells
expressing surface immunoglobulin G1 and E, and a dra-
matic reduction in both primary and secondary serum
immunoglobulin G1 and E responses. These results are
most readily understood as a failure of clonal expansion, as
the cells that carried the switched isotypes had no surface
receptors for positive selection by antigen. Selective dele-
tion of the cytoplasmic domains of g1 and e chains, in
contrast, should not interfere with the production of mem-
brane-anchored heavy chains, or the association of the
membrane-bound g1 or e chains with Iga–Igb hetero-
dimers. The cytoplasmic tail deletion should not, there-
fore, interfere with B-cell receptor mediated positive or
negative selection. 
Both groups found, however, that deletion of the
cytoplasmic domains of g1 or e heavy chains resulted in a
substantial reduction in the number of B cells expressing
surface immunoglobulin G1 or E, and a marked decrease
in serum immunoglobulin G1 or E, respectively. With the
g1 tail deletion, primary immunoglobulin G1 responses
were one order of magnitude below the control level; and
with the e tail deletion, immunoglobulin E responses were
50% of the control level. In addition, there was a failure of
affinity maturation of the antibody response with the g1
tail deletion, and the number of antigen-specific ‘g1
memory’ B cells was decreased 25-fold. Thus, the con-
served cytoplasmic tails of the g and e heavy chains are
essential for normal immune responses and for expansion
and maintenance of immunoglobulin G1-bearing or E-
bearing memory cells. But what is the connection between
these cytoplasmic tails and B-cell memory responses?
The question of how the cytoplasmic domains of immuno-
globulin might contribute to immune responses and B cell
memory was addressed by Weiser et al. [7] and Knight et al.
[8]. Weiser et al. [7] transfected a l1 light-chain-expressing
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B-cell lymphoma line with the gene for a g2a heavy chain
specific for 5-iodo-4-hydroxy-3-nitrophenyl-acetyl (NIP),
and assayed the transfected cells for presentation of a NIP-
linked ovalbumin epitope to cognate T cells. They found
that efficient antigen presentation required the cytoplasmic
tail of the g2a chain. Mutation analysis revealed that the
PDYXXM motif that is conserved in the longer
immunoglobulin cytoplasmic domains was essential for the
antigen-presentation activity. Like the NPXY motif in the
low-density lipoprotein receptor [9], the PDYXXM motif
was required for internalization of the g2a chain and antigen
presentation. Knight et al. [8] obtained similar results using
the g1 heavy chain specific for tetanus toxoid. Thus, the
function of the tail is to enhance the efficiency of antigen
internalization and processing. 
The results reported in these new papers [5–8] reveal a
new connection between the tails of immunoglobulin
antigen receptors, efficient antigen internalization and
immunologic memory. This connection is an important
first step towards understanding the molecular basis for
memory B-cell responses. 
References
1. Burnet FM: The Clonal Selection Theory of Acquired Immunity.
Cambridge: Cambridge University Press; 1959.
2. Talmage DW: Science 1959, 129:1643–1648.
3. Raff MC, Sternberg M, Taylor RB. Immunoglobulin determinants on
the surface of mouse lymphoid cells. Nature 1970, 225:553–554
4. Pernis B, Forni L, Amante L: Immunoglobulin spots on the surface
of rabbit lymphocytes. J Exp Med 1970, 132:1001–1018. 
5. Kaisho T, Schwenk F, Rajewsky K: The roles of g1 heavy chain
membrane expression and cytoplasmic tail in IgG1 responses.
Science 1997, 276:412–415.
6. Achatz G, Nitschke L, Lamers CM: Effect of transmembrane and
cytoplasmic domains of IgE on the IgE response. Science 1997,
276:409–411.
7. Weiser P, Muller R, Braun U, Reth M: Endosomal targeting by the
cytoplasmic tail of membrane immunoglobulin. Science 1997,
276:407–409.
8. Knight AM, Lucocq JM, Prescott AR, Ponnambalam S, Watts C:
Antigen endocytosis and presentation mediated by human
membrane IgG1 in the absence of the Iga/Igb dimer. EMBO J
1997, in press.
9. Bansal A, Gierasch LM: The NPXY internalization signal of the LDL
receptor adopts a reverse-turn conformation. Cell 1991,
67:1195–1201.
10. Rajewsky K: Clonal selection and learning in the antibody system.
1996, Nature 381:751–758.
11. Shaw AC, Mitchell RN, Weaver YK, Campos-Torres J, Abbas AK,
Leder P: Mutations of immunoglobulin transmembrane and
cytoplasmic domains: effects on intracellular signaling and
antigen presentation. 1990, Cell 63:381–392.
12. Janeway CA Jr., Travers P, Hunt S, Walport M: Immunobiology, edn 3.
London: Current Biology/Garland; 1997.
Dispatch R357
If you found this dispatch interesting, you might also want
to read the February 1997 issue of
Current Opinion in
Immunology
which included the following reviews, edited by
Albert Bendelac and Douglas T. Fearon, on
Innate immunity:
Innate immunity: impact on the adaptive immune
response
R. Medzhitov and C.A. Janeway Jr.
Origin, maturation and antigen presenting function of
dendritic cells
M. Cella, F. Sallusto and A. Lanzavecchia
Cytokines acting on or secreted by macrophages
during intracellular infection (IL-10, IL-12, IFN-g)
G. Trinchieri
Activation and function of natural killer cell responses
during viral infections
C.A. Biron
Inter-relationship among macrophages, natural killer
cells and neutrophils in early stages of Listeria
resistance
E.R. Unanue
Role of natural killer cells in innate resistance to
protozoan infections
T.M. Scharton-Kersten and A. Sher
Role of murine NK cells and their receptors in hybrid
resistance
V. Kumar, T. George, Y.Y.L. Yu, J. Liu and M. Bennett
the same issue also included the following
reviews, edited by Peter Cresswell and
Jonathan C. Howard, on Antigen recognition:
MHC class I and class II structures
E.Y. Jones
Generation, intracellular transport and loading of
peptides associated with MHC class I molecules
J-O. Koopman, G.J. Hämmerling and F. Momburg
MHC class II restricted antigen presentation
J. Pieters
Biophysical and structural studies of TCRs and
ligands: implications for T cell signaling
E.S. Ward and A. Qadri
Regulation of transcription of MHC class II genes
J.M. Boss
Specificity in V(D)J recombination: new lessons from
biochemistry and genetics
D.A. Ramsden, D.C. van Gent and M. Gellert
If you are, or become, a member of BioMedNet, the
worldwide club for biomedical scientists
(http://BioMedNet.com/), you can access any of these
reviews for $1 each.
